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INTRODUCTION 


In  recent  years,  the  Anny  has  developed  a strong  interest  in  adding 
a terminal  guidance  capability  to  existing  and  new  missile  systems  for 
situations  where  high  accuracy  is  desired.  Nose  mounted  canard  controls 
are  an  attractive  candidate  for  terminally  guided  missiles  because  of 
their  simplicity  and  large  control  force  to  control  package  weight  ratio. 

An  accurate  method  is  needed  to  predict  the  aerodynamic  characteris- 
tics of  a missile  with  canards  for  preliminary  design  purposes  and  to 
help  shorten  expensive  wind  tunnel  tests  in  advanced  design.  Comparisons 
between  results  from  the  prediction  method  currently  used  for  canard  con- 
figurations and  available  wind  tunnel  data  has  shown  this  method  is 
generally  inaccurate,  particularly  for  nose  mounted  canards.  This  in- 
accuracy is  possibly  due  to  some  of  the  simplifying  assumptions,  used  in 
developing  the  theory,  being  violated  by  the  geometry  and  conditions  of 
interest. 

The  purpose  of  this  study  is  to  develop  an  accurate  method  of  pre- 
dicting the  aerodynamics  of  canard  configurations  by  developing  a sys- 
tematic set  of  wind  tunnel  data  for  general  canard  configurations  and 
using  this  data  to  improve  the  currently  used  aerodynamic  prediction  tech- 
nique. A supersonic  wind  tunnel  test  was  conducted  at  AEDC  on  a sting 
supported  model  with  nose  mounted,  remotely  deflected  canards.  The  pri- 
mary points  of  interest  in  this  test  were  the  effect  of  model  roll  posi- 
tion, canard  size,  and  canard  position  on  control  forces  developed.  The 
model  was  unique  iri  that  forces  were  measured  separately  on  the  four 


canards,  the  four  tall  panels,  and  the  total  model,  thereby  yielding  the 
component  forces  needed  to  improve  the  mathematical  model  used  to  predict 
canard  configuration  aerodynamics.  The  vapor  screen  method  was  used  to 
trace  the  paths  of  the  vortices  being  shed  from  the  canards  (Ref.  1). 
Secondary  objectives  of  this  test  were  to  investigate  the  feasibility  of 
using  canards  for  roll  control  with  both  a planar  tail  and  ring  tail  and 
to  investigate  the  effect  of  nose  mounted  antennas  on  canard  forces.  This 
test  extends  the  Mach  number  range  of  a similar  transonic  test  (Ref.  2) 
and  a supersonic  test  (Ref.  3). 

TEST  FACILITY 

Tunnel  A is  a continuous,  nlosed-circuit,  variable  density  wind 
tunnel  with  an  automatically  driven  flexible-plate  nozzle  and  a 40-  by 


40-in.  test  section.  The  tunnel  can  be  operated  at  Mach  numbers  from  1.5 
to  6.0  at  maximum  stagnation  pressures  from  29  to  200  psia,  respectively, 
and  stagnation  temperatures  up  to  750°R  ( H m - 6.0).  Minimum  operating 
pressures  range  from  about  one-tenth  to  one-twentieth  of  the  maximum  at 


each  Mach  number.  The  tunnel  is  equipped  with  a model  injection  system 

which  allows  removal  of  the  model  from  the  test  section  while  the  tunnel 

remains  in  operation.  A description  of  the  tunnel  and  airflow  calibration 

information  may  be  found  in  Ref.  4.  j 
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MODELS 


I 


Components  of  the  test  configurations  are  the  following: 

B Basic  body 

Cl  Small  canards  In  aft  position 

C3  Small  canards  In  forward  position 

C6  Large  "Navy"  canards  in  aft  position 

N1  Sharp  nose 

N2  Blunt  nose 

N4  Prong  nose  with  four  antennas 

N5  Prong  nose  with  two  antennas 

N6  Prong  nose  with  no  antennas 


T1  Planar  tails 

TR  Ring  tail 

Figure  1 shows  the  Army  canard  control  model  as  installed  in  Tunnel 
A.  The  baseline  model  Fig.  2a  was  a 52-in. -long,  5-in.-diam.  tangent 
ogive  cylinder  with  canards  and  tail  fins.  The  configuration  variables 
included  three  noses  (Fig.  2b),  two  tails  (Fig.  2c)  and  three  sets  of 
canards  (Fig.  2d). 

A study  of  the  aerodynamic  contributions  of  the  individual  model 
components  included  testing  the  sharp  (Nl)  and  blunt  (N2)  noses  with  the 
body  alone  (B).  The  planar  tails  (Tl,  Fig.  2c)  and  canards  (Cl,  Fig.  2d) 
were  added  to  BN1  to  obtain  the  baseline  model  (BN1C1T1).  In  this  con- 
figuration, the  canard  and  tail  panels  are  aligned  as  shown  in  Fig.  2a. 
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A similar  configuration  was  tested  with  the  T1  tail  section  rotated  45 
deg.  with  respect  to  the  rest  of  the  model.  The  planar  tails  were  main- 
tained at  zero  attitude  (not  deflected)  and  were  balance-supported  for  all 
configurations  throughout  the  test  program. 

The  "ring  tail"  (TR,  Fig.  2c)  was  tested  in  an  attempt  to  obtain 
better  roll  control  without  affecting  the  stability  of  the  vehicle.  As 
shown  in  Fig.  2c,  the  vertical  support  struts  were  not  attached  to  the 
body.  With  this  arrangement,  the  two  horizontal  tail  balances  provided 
measurements  of  the  total  force  (but  not  the  moments)  on  the  ring  tail.  A 
model  fabrication  error  resulted  in  an  incidence  angle  of  approximately  1 
deg.  in  the  pitch  attitude  of  the  ring  tail  relative  to  the  model  center- 
line.  Since  the  model  was  othr^ise  symmetrical,  this  was  treated  as  an 
incremental  model  load  and  accounted  for  by  a coefficient  shift  Included 
in  the  data  correction  procedure. 

Two  of  the  three  sets  of  canards  (Cl  and  C3,  Fig.  2d)  had  the  same 
planform  area  and  shape  but  different  attachment  angles  because  of  the 
different  longitudinal  mounting  positions  on  the  model  (Fig.  2a).  The 
third  set  of  canards  (C6,  Fig.  2d)  was  much  larger  than  Cl  and  C3  and  was 
tested  only  with  the  "prong"  nose  (N4,  N5,  N6,  Fig.  2b)  and  the  planar 
tails.  All  canards  were  balance  supported  with  provisions  for  indepen- 
dent deflections  (6c)  from  -5  to  15  deg.,  produced  by  remotely  operated 
electric  motors  internal  to  the  model.  The  sign  convention  for  the  plan- 
form  surfaces  is  shown  in  Fig.  3. 

Model  base  pressures  were  measured  at  two  positions  in  the  vertical 
plane  equally  spaced  above  and  below  the  model  centerline. 
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INSTRUMENTATION  AND  PRECISION 


The  Tunnel  A stilling  chamber  pressure  is  measured  with  a 15-,  60- , 
150- , or  300-psid  transducer  referenced  to  a near  vacuum.  Based  on  per- 
iodic comparisons  with  secondary  standards,  the  uncertainty  (a  bandwidth 
which  includes  95  percent  of  the  residuals)  of  these  transducers  is  esti- 
mated to  be  within  +0.2  percent  of  reading  or  ±0.015  psia,  whichever  is 
greater.  Stilling  chamber  temperature  is  measured  with  a copper-constan- 
tan  thermocouple  with  an  uncertainty  of  ±3°F,  based  on  repeat  calibrations. 

Base  pressures  were  measured  with  15-psid  transducers  referenced  to 
a near  vacuum.  These  transducers  have  an  estimated  uncertainty  of  ±0.15 
percent  of  reading  or  0.003  psi,  whichever  is  greater. 

Main  Balance 

Model  forces  and  moments  were  measured  with  a six-component,  moment- 
type  strain-gage  balance  supplied  and  calibrated  by  VKF.  Prior  to  the 
test,  static  loads  in  each  plane  and  combined  static  loads  were  applied 
to  the  balance  to  simulate  the  range  of  loads  and  center-of-pressure 
locations  anticipated  during  the  test.  The  following  uncertainties  repre- 
sent the  bands  of  95  percent  of  the  measured  residuals,  based  on  differen- 
ces between  the  applied  loads  and  the  corresponding  values  calculated  from 
the  balance  calibration  equations  included  in  the  final  data  reduction. 

The  range  of  check  loads  applied  and  the  measurement  uncertainties  follow. 
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Component 

Balance 

Design 

Loads 

Calibration 
Load  Range 

Range  of 
Check 
Loads 

Measures 

Uncertaii 

Normal  force,  lb* 

± 700 

± 700 

± 175 

±1.50 

Pitching  moment,  in. -lb 

±3,645 

±3,645 

±2,075 

±5.00 

Side  force,  lb* 

± 700 

± 350 

± 100 

±0.75 

Yawing  moment,  in. -lb 

±3,645 

±1 ,822 

±1 ,040 

±2.00 

Rolling  moment,  in. -lb 

± 320 

± 104 

± 20 

±0.75 

Axial  force,  lb 

0 to  125 

0 to  95 

0 to  50 

±1.00 

*About  balance  forward  moment  bridge 

The  transfer  distance  from  the  balance  forward  moment  bridge  to  the 
model  moment  reference  location  was  4.15  In.  along  the  longitudinal  axis 
and  was  measured  with  an  estimated  precision  of  ±0.01  In. 

Model  pitching  moments  were  referenced  to  a point  at  model  station 
26.00  on  the  centerline  of  the  model  (Fig.  2a). 


* 

i - 

t A 

t ■ 

i>  4 


Canard  And  Tail  Balances 

Canard  and  tail  panel  loads  were  measured  with  eight  3-component, 
moment  type,  strain-gage  balances  supplied  by  USAMC  and  calibrated  by  VKF. 
The  same  calibration  procedure  was  used  with  these  eight  fin  balances  as 
was  previously  described  for  the  main  balance.  The  range  of  check  loads 
applied  and  the  measurement  uncertainties  follow. 
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Component 


Balance  Range  of 

Design  Calibration  Check  Measurement 
Loads  Load  Range  Loads  Uncertaint 


Canard  Balances 

Normal  force,  lb 

± 40 

Root  bending  moment, 

in. -lb 

± 35 

Hinge  moment,  in. -lb 

± 25 

Tail  Fin  Balances* 

Normal  force,  lb 

± 60 

Root  bending  moment. 

in. -lb 

±130 

Hinge  moment,  in. -lb 

±100 

♦For  the  ring-tail  (TR)  configuration,  only  the  normal-force  uncer- 
tainty quotations  apply  to  the  tail  fin  balances  (Nos.  2 and  4).  Reliable 
moment  measurements  could  not  be  obtained  on  the  fin  balances  with  this 
configuration. 

The  transfer  distances  from  the  balance  forward  moment  bridges  to  the 
planform  reference  locations  were  measured  with  an  estimated  precision  of 
±0.01  in.  and  are  listed  below. 


Canard  Balance 

No.  1 
No.  2 
No.  3 
No.  4 

Tail  Fin  Balance 


Forward  Moment  Bridge 
to  Hinge  Line,  in. 


Balance  Centerline 
to  Root  Chord,  in. 


-0.25 


T 


TEST  CONDITIONS  AND  PROCEDURES 


Test  Conditions 

The  test  was  conducted  at  Mach  numbers  1.5,  2.5,  3.0,  and  4.5.  The 
nominal  test  conditions  at  each  Mach  number  are  given  below. 


P0.  PSia 

T0.  °R 

q..  psia 

P„»  psia 

Re*  x 10-« 

1.5* 

4 

560 

1.9 

1.2 

5.4 

2.5 

15 

570 

3.8 

0.9 

11.9 

3.0 

22 

570 

3.8 

0.6 

13.6 

4.5 

78 

600 

3.8 

0.3 

20.8 

*0nly  canard  panel  loads  were  measured. 

A test  summary  showing  all  configurations  tested  and  the  variables 
for  each  is  presented  in  Table  1. 

Test  Procedures 

After  the  model  was  Injected  into  the  tunnel,  one  of  three  procedures 
was  used  to  obtain  the  test  data.  The  first  consisted  of  rotating  the 
model  to  the  desired  roll  angle  and  pitching  to  the  maximum  negative  angle 
of  attack.  Each  data  channel  was  then  recorded  at  a rate  of  60  samples 
per  second  as  the  model  was  continuously  driven  to  the  maximum  positive 
angle  of  attack  at  a rate  of  approximately  0.25  deg.  per  second.  Each 
calculated  data  point  for  this  type  of  operation  was  based  on  the  average 
of  16  consecutive  samples.  These  "averaged  points"  were  subsequently 
interpolated  to  provide  data  at  precisely  the  desired  angles  of  attack. 
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Data  obtained  In  this  mode  of  operation  are  generally  referred  to  as 
“continuous  sweep"  data. 

In  the  second  procedure,  generally  referred  to  as  the  “pitch-pause" 
mode,  the  model  paused  at  each  desired  angle  In  the  angle-of -attack  se- 
quence and  fifty  samples  of  each  data  channel  were  recorded.  Each  data 
point  for  this  type  of  operation  Is  the  average  of  these  50  samples. 

The  third  data-taking  procedure  consisted  of  pitching  the  model  to  a 
specified  angle  of  attack  and  taking  50  samples  of  each  data  channel  at 
15-deg.  increments  of  roll  angle  in  the  range  from  0 to  90  deg. 

Periodically  during  the  test,  the  continuous  sweep  data  were  checked 
by  repeating  a test  sequence  in  the  "pitch-pause"  mode.  These  data  agreed 
within  the  repeatability  listed. 

The  measured  total  axial  force  was  corrected  to  zero  base  drag  using 
the  measured  base  pressures  and  the  base  cross-sectional  area.  The  initial 
value  of  base  drag  (obtained  at  a » -4  deg.)  was  used  for  all  angles  of 
attack  in  the  sweep  data  because  the  continuous  sweep  technique  does  not 
allow  time  for  base  pressure  stabilization.  Shortly  after  the  test  began 
it  was  found  that  during  Injection  into  the  free  stream,  model  loads  were 
higher  than  anticipated.  The  operating  procedure  therefore  had  to  be 
changed  so  that  p0  was  reduced  for  each  injection  and  retraction,  and  for 
many  cases  at  the  lowest  the  injection  and  retraction  had  to  be  made 
at  a higher  Mach  number.  This  reduced  the  amount  of  data  which  could  be 
obtained  during  the  test  entry.  Flow-field  shadowgraphs  and  vapor  screen 
photographs  were  taken  at  selected  test  conditions. 


DATA  REDUCTION 


Main  balance  force  and  moment  data  were  reduced  In  both  the  body  and 
missile  (non-rolling  body)  axis  systems.  Dimensional  quantities  employed 
In  the  reduction  of  the  main  balance  data  are  listed  below: 


SREF  * 

19.635 

sq.  In. 

XMRP  = 

26.0  In. 

LREF  « 

5.0 

In. 

YMRP  = 

0.0  In. 

BREF  = 

5.0 

In. 

ZMRP  = 

0.0  in. 

Canard  and  tail  root  bending  moments  are  referenced  to  their  respective 
root  chord  lines  while  the  hinge  moments  of  the  canard  and  tall  are  re- 
ferenced to  their  hinge  lines. 

The  axis  system  and  sign  convention  used  for  the  model  main  balance 
data  Is  shown  In  Figure  4;  for  the  canard  and  tall  balances  refer  to 
Figures  3 and  5. 

A review  of  the  tunnel  monitor  force  and  moment  data  obtained  on  the 
various  configurations  showed  evidence  of  offsets  in  level  due  to  irregu- 
larities in  model  fabrication  and  to  local  nonuniformities  in  the  test 
section  flow.  Repeat  test  runs  were  made  to  confirm  the  cause  of  the 
offsets  and  to  establish  data  reduction  procedures  to  account  for  the  re- 
sulting shifts  in  the  levels  of  the  force  and  moment  coefficients.  The 
data  consistently  Indicated  the  presence  of  Incremental  forces  acting  on 
localized  regions  of  the  model.  This  produced  incremental  shifts  in  the 
force  and  moment  coefficients,  but  there  was  no  evidence  of  a change  in 
the  variation  of  the  coefficients  with  angle  of  attack.  Since  the  models 


with  undeflected  control  surfaces  were  designed  as  symmetrical  configura- 
tions, the  extraneous  local  model  loads  were  accounted  for  by  adding  In- 
crements to  the  force  and  moment  coefficients  so  that  they  were  zero  at 
zero  model  attitude.  The  Increments  established  for  the  symmetrical  con- 
figurations were  used  for  the  corresponding  nonsymmetrlcal  configurations 
that  resulted  from  deflection  of  the  control  surfaces.  Axial -force  coef- 
ficients were  not  shifted. 

TEST  UNCERTAINTIES 

An  evaluation  of  the  influence  of  random  measurement  errors  is  pre- 
sented in  this  section  to  provide  a measure  of  the  uncertainty  of  the 
final  test  results.  Although  evaluation  of  the  systematic  measurement 
error  (bias)  is  not  included.  It  should  be  noted  that  the  Instrumentation 
precision  values  used  In  this  evaluation  represent  a total  uncertainty 
Including  both  systematic  and  random  (two  standard  deviation  bandwidth) 
error  contributions. 

Test  Condition  Uncertainty 

Uncertainties  In  the  basic  tunnel  parameters  p0  and  T0  and  the  two 
standard  deviation  uncertainty  in  Mach  number  determined  from  test  section 
flow  calibrations  were  used  to  estimate  uncertainties  in  the  other  free- 
stream  properties,  using  the  Taylor  series  method  of  error  propagation. 


Test  Condition  Uncertainty  (±),  percent 


M. 

M. 

Po 

To 

P. 

q. 

Re* 

1.5 

1.3 

0.2 

0.5 

2.9 

0.3 

0.8 

2.5 

0.8 

0.2 

0.5 

3.0 

1.5 

1.3 

3.0 

0.7 

0.2 

0.5 

3.0 

1.7 

1.3 

4.5 

0.4 

0.2 

0.5 

2.5 

1.6 

1.3 

Test  Data  Uncertainty 

The  main  balance  force  and  moment  data  are  presented  in  the  missile- 
axis  system  with  pitching  moments  referenced  to  the  midpoint  of  the  model 
length  (MS  26.00). 

The  balance  and  base  pre? jure  uncertainties  were  combined  with  un- 
certainties In  the  tunnel  parameters,  using  the  Taylor  series  method  of 
error  propagation,  to  estimate  the  uncertainties  of  the  aerodynamic  coef- 
ficients presented  below. 


Measured  Coefficient  Uncertainty 
(±),  percent 


M 

00 

CN 

cm 

m 

C* 

CA 

2.5 

1.70 

1.72 

* 

4.31 

3.0 

1.91 

2.24 

★ 

2.72 

4.5 

1.80 

2.96 

* 

4.63 

*For  these  cases,  the  corresponding  repeatability  values  listed 
below  are  to  be  used  since  the  maximum  rolling-moment  coefficients 
are  approximately  equal  to  balance  precision. 
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The  uncertainties  of  the  aerodynamic  coefficients  were  also  computed 
using  only  the  balance  and  base  pressure  uncertainties  and  the  nominal 
test  conditions.  This  calculation  is  based  on  the  assumption  that  the 
free-stream  flow  nonun iformi ties  introduce  a bias  type  of  uncertainty  that 
is  constant  for  all  test  runs  at  a particular  Mach  number.  The  values 
therefore  represent  the  data  repeatability  expected  and  are  especially  use 
ful  for  detailed  discrimination  purposes  in  parametric  model  studies. 

Measured  Coefficient  Repeatability  (±) 


2.5 

0.020 

0.021 

0.002 

0.017 

3.0 

0.020 

0.022 

0.002 

0.015 

4.5 

0.020 

0.022 

0.002 

0.014 

The  uncertainty  in  model  angle  of  attack  and  roll,  as  determined 
from  tunnel  sector  calibrations  and  possible  errors  in  model  deflection 
calculations,  is  estimated  to  be  ±0.1  deg. 
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NOMENCLATURE 


SYMBOL 

MNEMONIC 

DEFINITION 

a 

ALPHA 

total  pitch  plane  angle  of  attack,  deg. 

*c 

PHICND 

total  model  roll  angle,  deg. 

*T 

PHITAL 

tall  roll  angle  relative  to  canard,  deg. 

6C1 ,2,3,4 

DCND1 ,2,3,4 

canard  deflection  relative  to  missile 
centerline,  deg. 

CnNR 

CNP 

total  model  normal  force  coefficient, 
N/QSREF,  non-rolling  axis  system 

CmNR 

CLMP 

total  model  pitching  moment  coefficient, 
M/QSREFLREF,  non-rolling  axis  system 

CnT1  ,2,3,4 

CNT1 ,2,3,4 

tail  panel  normal  force  coefficient, 
NT/QSREF 

CnC1,2,3,4 

CNC1, 2,3,4 

canard  panel  normal  force  coefficient, 
NC/QSREF 

ChmC1 ,2,3,4 

CLMHC1 ,2,3,4 

canard  hinge  moment  coefficient, 
MHC/QSREFLREF 

NOMENCLATURE  (Continued) 


SYMBOL 

MNEMONIC 

DEFINITION 

CBMC1 ,2,3,4 

CLMRC1 ,2,3,4 

canard  root  bending  moment  coefficient, 
MBC/QSREFLREF 

Ci 

CBL 

model  rolling  moment  coefficient, 
LB/QSREFBREF,  non-rolling  axis  system  or 
missile  axis  system 

cA 

CA 

model  forebody  axial  force  coefficient, 
FA/QSREF,  non-rolling  axis  system  and 
missile  axis  system 

CHMji ,2,3,4 

CLMHT1 ,2,3,4 

tail  hinge  moment  coefficient, 
MHT/QSREFLREF 

CbmT1 ,2,3,4 

CLMRT1 ,2,3,4 

tail  root  bending  moment  coefficient, 
MBT/QSREFLREF 

V 

CYP 

total  model  side  force  coefficient, 
Y/SREF,  non-rolling  axis  system 

C"NR 

CYNP 

total  model  yawing  moment  coefficient, 
NB/QSREFBREF,  non-rolling  axis  system 

Qoo 

Q 

dynamic  pressure,  psia 

$ref 

SREF 

non-dimensional i zing  reference  area, 
sq.  in. 

Vef 

LREF 

non-dimensional i zing  reference  length, 
in. 

bref 

BREF 

non-dimensionalizing  reference  length,  ii 

N 

N 

total  normal  force  on  model,  lbs. 

Mm 

M 

total  pitching  moment  on  model,  in. -lbs. 

Ny 

NT 

normal  force  on  tail  panel,  lbs. 

Nc 

NC 

normal  force  on  canard,  lbs. 

HMC 

MHC 

canard  hinge  moment,  in. -lbs. 

BMC 

MBC 

canard  root  bending  moment,  in. -lbs. 

LB 

total  model  rolling  moment  about  body/ 

missile  axes,  in. -lbs. 


NOMENCLATURE  (Concluded) 


SYMBOL 

A 

HMt 

BMj 

Y 

Mn 


MNEMONIC 

FA 

MHT 

MBT 

Y 

NB 


M,  Moo  MACH 

MRP 


DEFINITION 


model  forebody  axial  force,  lbs. 

tail  panel  hinge  moment.  In. -lbs. 

tail  panel  root  bending  moment,  in. -lbs. 

model  side  force,  lbs. 

model  yawing  moment  about  body/missile 
axes,  in. -lbs. 

free  stream  Mach  number 
moment  reference  point 


Po 

To 

Poo 

Re  t 

MS 

Ab 

V 


stilling  chamber  total  pressure,  psia. 

stilling  chamber  total  temperature, 
deg.  Rankine 

free  stream  static  pressure,  psia 
RN/L  free  stream  Reynolds  number,  1/ft. 

missile  station,  in. 
missile  base  area 
free  stream  velocity,  ft. /sec. 


CPXC 


canard  panel  center  of  pressure  relative 
to  hinge  line,  in. 


CPXT 


tail  panel  center  of  pressure  relative 
to  hinge  line,  in. 


CPYC 


canard  panel  center  of  pressure  relative 
to  root  chord,  in. 


CPYT 


tail  panel  center  of  pressure  relative 
to  root  chord,  in. 


bc(x) 


distance  from  canard  hinge  line  to 
MRP,  in. 


br(x) 


distance  from  tail  hinge  line  to 
MRP,  in. 


Coefficients  IDVAR(l)  IDVAR(2)  NDV 
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CO 

CD 

Q 

II 

II 

II 

II 

CC 

CL 

CL 

CL 

CLMP  , CA  , CYP  CYNP  . CBL  , , MACH  , ftLPHA  , 6 

J ' * ' ’ Coefficients  IDVAR(l)  IDVAR(2)  NDV 

o(A) : -5°  13°  ♦c(A) : 0°  - 90° 

a(B) : -5°  -►  5° 


obtain  canard  panel  loading. 


obtain  canard  panel  loading. 


obtain  canard  panel  loading. 


b.  Ring  Tail 
Figure  1.  Concluded 


Canard,  Tail,  and  Vapor  Screen  Stations 
Figure  2.  Model  Details 


Note  1:  Normal  forces  are  measured  perpendicular  to  the  panel  platform 

Note  2:  Tail  panels  are  numbered  clockwise  and  canard  panels  counter- 

clockwise. 

Figure  3.  Axis  Systems  and  Positive  Sign  Convention; 

Canards  and  Tail  Fins 
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Figure  4.  Axis  Systems  and  Positive  Sign  Convention; 
Unrolled  Body  Axis  System 


IS 


w? 

n 


33 


J 


PLOTTED  DATA 


Tabulations  of  the  plotted  data  and  corresponding  source  data 
are  available  from  Data  Management  Services  Operations. 


IGURAT ION  DESCRIPTION  PHIOO  REFERENCE  I (FORMAT  ION 
N1A-C1A,  CANARO  CONTROL.  8NITI  .000  SREF  19.6350  SO. 
NIA-CIA,  CANARO  CONTROL.  BN|T|  H5.000  LREF  5.0000  IN. 


IGURMION  OC SCRIPT ION 


I OCSCRIPTiCN  OCNDI  DC  see  DCfC3  DCM3M  REFERENCE  ! FORMAT  ION 
CANARO  CONTROL.  BN1CITI  .000  6.000  .000  6.000  SREF  19.6360  SO. 
CANARD  CONTROL.  BN1CITI  .000  9.000  .000  9.000  LREF  5.0000  IN. 
CANARO  CONTROL.  BNICITI  .000  i5.000  .000  15.000  BREF  5.0000  IN. 


REFERENCE  I FORMATION 
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INFORMATION 


dat*  set  sytccl  cortf'  igura 
IOXH03H1  o AEDC  VSIA-C 
(DXH03S)  □ AEDC  VM1A-C 
(OXH036I  O DATA  NOT  AV, 
(0XH0J7I  A AEDC  VH 1 A-C 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  BODY 
PHI TAL=45  PHICND=0 
( A ) MACH  = 3.00 


I duration  description 
m A-CIA,  CANARO  CONTROL.  BNICITI 
H1A-C1A.  CANARD  CONTROL.  BNICITI 
‘•IA-CIA.  CANARO  CONTROL.  BNICITI 


1GURAT  ION  DESCRIPTION 
4 1 A-C I A.  CANARD  CONTROL.  BNIC3T 
4IA-C1A.  CANARD  CONTROL.  &NIC3T 


SET  SYMBOL  CONFIGURATION  DESCRIPTION  DC  NO  I DCNDB  DC  NO  3 DC  NON  REFERENCE  INFORMATION 
067)  O AEDC  VH1A-CIA.  CANARO  CONTROL.  BNSC6TI  .000  .000  .000  .000  SREF  19.6350  SQ. 
06d>  □ AEOC  WIA-CIA.  CANARD  CONTROL . 8NVC6TI  .000  3.000  .000  3.000  LREF  5.0000  IN. 
0691  O AEDC  vmA-CIA.  CANARD  CONTROL.  BNLC6T1  .000  9.000  .000  9.000  BRET  5.0000  IN. 
070)  A AEDC  WIA-CIA.  CANARO  CONTROL.  BN4C6TI  .000  15.000  .000  15.000  XMRP  B6.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARC  DEFLECTION  ON  BODY 
PHI TAL=0  PHICND=0 


IATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DCTCI  DC  NO?  • DC  NOS  DC  NON 
DXHQ72 1 O AEDC  VHIA-CIA.  CANARD  CONTROL.  BNHC6T I .000  .000  .000  .000 
DXH07SI  □ AEDC  VmA-CIA.  CANARD  CONTROL . BNHCST I 3.000  3.000  3.000  3.000 
0XH07m  o AEDC  Y4IA-CIA.  CANARD  CONTROL . BNHC6TI  9.000  9.000  9.000  9.000 
CXH075)  A AEDC  VmA-CIA.  CANARD  CONTROL.  BNMC6TI  15.000  15.000  15.000  15.000 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  BODY 
PHI TAL=0  PHICND=H5 


3.00 

9.00 

5.00 


EFFECT 


IATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DCNDI  DCND2  DOC 3 DCNDM  REFERENCE  INFORMATION 
DXH0851  O AEOC  W1A-CIA.  CANARD  CONTROL.  BN6C6T1  .000  .000  .000  .000  SREF  19.6350  SO. 
CXH086I  □ AEOC  VRIA-CIA.  CANARO  CONTROL.  BN6CSTI  .000  3.000  .000  3.000  LREF  5.0000  IN. 
OXH087)  O AEOC  VmA-CIA.  CANARO  CONTROL.  BN6C6M  .000  9.000  .000  9.000  BREF  5.0000  IN. 
DXHOaai  A AEOC  W1A-C1A.  CANARD  CONTROL.  BN6C6T1  .000  15.000  .000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  BODY 
PHI TAL=0  PHICNO=0 


IGURAT10N  OESCRIPT ION  DCNDl  OCND?  OCND3  OOCN  REFERENCE  IKfQRMAT  ION 
4 1 A-C 1 A . CANARD  CONTROL.  8N6C6T I .000  .000  .000  .000  SREF  19.6350  SO 
41A-CIA.  C ANAFIO  CONTROL.  BN6C6T I 6.000  6.000  6.000  6.000  LREF  5.0000  IN. 
41A-CIA.  CANARD  CONTROL.  BN6C6TI  15.000  15.000  15.000  15.000  BREF  5.0000  IN 


REFERENCE  WORMATION 


set  symbol  colouration  description  ocndi  ocnds  ocn®3  ocw*  reference  information 

093>  O AEOC  V4IA-C1A.  CANARD  CONTROL.  BNIC1TR  .000  .000  .000  .000  SREF  19.6350  SO, 

094)  □ AEDC  WIA-C1A.  CANARO  CONTROL.  BN1CITR  .000  3.000  .000  3.000  LREF  5.0000 

0951  O ACOC  V4IA-CIA.  CANARO  CONTROL . BNICITR  .000  9.000  .000  9.000  BREF  5.0000  IN, 

096)  A AEOC  VH1A-CIA.  CANARO  CONTROL.  BNICITR  .000  15.000  .000  15.000  WRP  26.0000  IN. 


PT  ION  DCND  l 0CND2  DC  NO  3 OCtCH  RETERCNCT  ItfORHATION 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
TAIL  OFF  PHICND=0 


(D  o o o o o o 


o o o o o o 
oooooo 
o o o o o o 


^ Kl  fO  (X)  CT)  IT* 


OOOOOO 

oooooo 

oooooo 


oooooo 

oooooo 

oooooo 

ro  fo  to  cn  10 


OJ  — 

o o 


- OJ  ro 

o o o 


OJ  — * o 

o o 


oj  ro  3-  tf» 

o o o o 


oooooo 

9—  oooooo 

oooooo 


+1°W8' 


iJu  ^ £ 2b  & 

kiiii 

iiiii I 

oooooo 

gggggg 
< < < < * < 
Z Z Z Z Z Z 
?<<<<< 
oooooo 


oooooo 

I I I I I I 
<<<<<•<  ■ 

Li 


oao<K>d 


UJ  n ID  r*  CD  -7> 

i/T  o o o o o o 


*-  X X X X X X 
< CD  0)  CD  CD  CD  CD 

O W -» — — 


ru  — 
o o 


ru  m 

o o 


iiiii 


ru  — 
o o 


- f\j  ro  in 

o o o o o 

IIIII 


£:)wa' 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
TAIL  OFF  PH  I CND=45 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
TAIL  OFF  PHICND=45 


IATA  SET  SYTOOL  CONFIGURATION  OESCRIPTION  DC*)  I OCK*  0CND3  DCTO*  REFERENCE  I FORMATION 
AXH0I6)  O OATA  NOT  AVAILABLE  .000  -3.000  .000  -3.000  SRCF  19.6350  SO. 
AXH0I7)  Q AEOC  VH I A-C I A.  CANARD  CONTROL.  BNICIT1  .000  .000  .000  .000  LREF  5.0000  IN. 
AXH0I8)  O DATA  NOT  AVAILABLE  .000  1.000  .000  1.000  BREF  5.0000  IN. 
AXH0I9I  A DATA  NOT  AVAILABLE  .000  3.000  .000  3.000  »FP  26.0000  IN. 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL'O  PHICND=0 


OAT*  SET  SYMBOL  COW  1 DURATION  DESCRIPTION  DOC  I ooce  0CN03  OCNDM  REFERENCE  IWORMATION 
IAXH0I6I  O AEOC  VNIA-CIA.  CANARO  CONTROL.  BNICITI  .000  -3.000  .000  -3.000  SREF  19.6350  SO. 
(AXH0I7I  □ AEOC  VUIA-CIA.  CANARO  CONTROL.  BNICITI  .000  .000  .000  .000  LREF  5.0000  IN. 
(AXHOIBI  O DATA  NOT  AVAILABLE  .000  1.000  .000  1.000  BREF  5.0000  IN. 
CAXH0I9I  A AEDC  VHIA-CIA,  CANARO  CONTROL.  BNICITI  .000  3.000  .000  3.000  »«P  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL=0  PHICND=0 


DATA  SET  STOOL  CO*F  1GURAT ION  DESCRIPTION 

(BXHOI6)  O DATA  NOT  AVAILABLE 

(BXH017I  □ AEDC  VHIA-CIA.  CANARD  CONTROL.  BNICITI 

IBXHOI0I  O DATA  NOT  AVAILABLE 

(BXH0I9)  A DATA  NOT  AVAILABLE 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 


IGURATION  DESCRIPTION 
■MA-CU.  CANARD  CONTROL.  BN1CITI 
41A-CI A,  CANARD  CONTROL.  BNICITI 
^lA-CIA.  CANARO  CONTROL.  BNICITI 
NIA-CTA.  CANARO  CONTROL.  BNICITI 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL*0  PHICND=0 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
FHITAL=0  PH I CND=45 


DATASET  SYMBOL  corn  CURAT  I ON  DESCRIPTION  DCNDI  OCNOe  0CND3  OOC'T  REFERENCE  I FORMAT  I ON 
(BXH03VI  o DATA  NOT  AVAILABLE  .000  -3.000  .000  -3.000  SREF  19.6350  90. 
(BXH03S)  □ AEDC  W1A-CIA.  CANARD  CONTROL.  BNICITI  .000  .000  .000  .000  LREF  5.0000  IN. 
CBXH036)  O DATA  NOT  AVAILABLE  .000  1.000  .000  I.OCO  BREr  5.0000  IN. 
(BXM037I  A DATA  NOT  AVAILABLE  .000  3.000  .000  3.000  WPP  BE. 0000  IN. 
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DATA  SET  SrreOL  COT*  I DURATION  DESCRIPTION  DCMJl  DCN02 
(BXH038)  O AEDC  VMIA-CIA,  CANARD  CONTROL.  BNICITl  .000  6.000 
(BXH039I  □ AEDC  VS1A-CIA.  CANARD  CONTROL.  BNICITl  .000  9.000 
( BXHOHO I o AEOC  VmA-CIA.  CANARO  CONTROL,  BNICITl  .000  15.000 
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OATA  SET  SYMBOL  C^YT  IGURAT  ION  DESCRIPTION  DC  NO  I DCWK  DOC3  DCM*  REFERENCE  I FORMAT  I ON 
I AXH0*^6 1 O AEOC  VMA-C1A.  CANARD  CONTROL.  BNICITI  6.000  6.000  6.000  6.000  SREF  19.6350  SO. 
•AXHO^TI  □ AEOC  VMIA-CIA.  CANARO  CONTROL.  BNICITI  9.000  9.000  9.000  9.000  LREF  5.0000  IN. 
CAXH048I  O AEOC  VHIA-C1A.  CANARO  CONTROL.  BNICITI  15.000  15.000  15.000  15.000  BREF  5.0000  IN. 

XT«P  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PH1TAL=H5  PHICND=45 
( A ) MACH  = 3.00 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=45  PHICND=45 


DATASET  STTCOL  cor  I DURATION  DESCRIPTION  CCNOI  0CND2  OCND3  OCWX  REFERENCE  IKTORNATION 
(BXH046)  O AEOC  VNIA-CIA.  CANARD  CONTROL.  BNICITI  S.OOO  6.000  6.000  6.000  SREF  19.6350  SO. 
IBXH047I  □ AEDC  V4IA-CIA.  CANARO  CONTROL.  BNICITI  9.000  9.000  9.000  9.000  LREF  5.0000  IN. 
(BXH048I  O AEDC  V4IA-C1A.  CANARO  CONTROL.  BNICITI  15.000  15.000  15.000  15.000  BREF  5.0000  IN. 

XMRP  26.0000  IN. 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL“0  PHICND=0 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL*0  PHICND=0 


DATA  SET  SYMBOL  COT  I CURAT  ION  DESCRIPTION  CCNOI  DC  NO?  DCfC3  OCNDN  REFERENCE  IWORMATION 
(AXH055)  O AEDC  VMA-CIA.  CANARD  CONTROL.  BNIC3T I 5.000  -5.000  -5.000  5.000  SREF  19.6350  SO. 
(AXH056I  □ AEDC  VNIA-CIA.  CANARD  CONTROL.  BNIC3TI  2.000  -2.000  -2.000  2.000  LREF  5.0000  IN. 
(AXH0571  O AEDC  VN1A-CIA.  CANARO  CONTROL  . BNIC3TI  -3.000  3.000  3.000  -3.000  BREF  5.0000  IN. 

XTXP  26.0000  IN. 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL*0  PHICND=45 


DATA  SET  SYMBOL  COT*- 1 CORA T ION  DESCRIPTION  OCNOt  OCWK  0003  REFERENCE  INFORMATION 
(AXH058)  O AEOC  V4IA-CIA,  CANARD  CONTROL.  6N1C3TI  .000  .000  .000  .000  SREF  19.6350  SO. 
IAXH0S9I  □ AEDC  V4IA-CIA.  CANARO  CONTROL.  BN1C3TI  15.000  15.000  15.000  15.000  LREF  5.0000  IN. 

BREF  5.0000  IN. 
XMRP  86.0000  IN. 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL=0  PHICND=0 


DATA  SET  SYMBOL  CONE  I GUPAT I ON  DESCRIPTION  DCNOl  DC  NOB  0003  DCNCM  REFERENCE  INFORMATION 
IAXH067)  o AEDC  VNIA-C1A.  CkNARO  CONTROL.  BNNC6T l .000  .000  .000  .000  SREE  19.6350  SO. 
IAXH06B)  □ AEDC  V4IA-CIA.  CANARD  CONTROL.  8NWC6TI  .000  3.000  .000  3.000  LREE  5.0000  IN. 
(AXH069)  o AEDC  VMIA-CIA.  CANARO  CONTROL.  BNNC6T1  .000  9.000  .000  9.000  BREF  5.0000  IN. 
(AXH070)  A AEDC  V9IA-CIA.  CANAPD  CONTROL.  BNNC6T 1 .000  15.000  .000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHiTAL=0  PHICND=0 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DCNOI  DC  NOS  0CN03  OCNOM  REFERENCE  INFORMATION 
IBXH067I  O AEOC  VmA-ClA.  CANARO  CONTROL.  BTmCSTI  .000  .000  .000  .000  SREF  19.6350  SO. 
IBXH06BI  □ AEDC  V>4lA-CtA.  CANARO  CONTROL.  BN4C6TI  .000  3.000  .000  3.000  LREF  5.0000  IN. 
IBXH069I  O AEDC  VL1A-C I A.  CANARD  CONTROL.  0N4C6T I .000  9.000  .000  9.000  BREF  5.C000  IN. 
IBXH070I  A AEDC  VflA-CIA.  CANARD  CONTROL.  BANC6T1  .000  15.000  .000  15.000  XhRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 


DATA  SET  SYMBOL  CONE  1GURAT  ION  DESCRIPTION  DC  NO  I DCKC5  DCND3  DC  NO,  REFERENCE  ITTOfWATION 
IBXH367I  O AEDC  V41A-C1A.  CANARD  CONTROL.  BN4C6T I .000  .000  .000  .000  SREF  19.6350  SO. 
I 8XH06B 1 □ AEOC  VN1A-C1A.  CANARO  CONTROL.  BN4C6T1  .000  3.000  .000  3.000  LREF  5.0000  IN. 
(BXH069I  O AEOC  V41A-CIA.  CANAPO  CONTROL.  BNSC6TI  .000  9.000  .000  9.000  BREF  5.0000  IN. 
(BXH070I  A AEOC  V^1A-C1A.  CANARO  CONTROL.  8N4C6TI  .000  15.000  .000  15.000  XMRP  26-0000  IN. 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=45 


data  set  symbol  CONFIGURATION  DESCRIPTION  DCNOI  0CND2  DCND3  DC NOP  REFERENCE  INFORMATION 
IBXH07?)  O AEDC  VLIA-C1A.  CANARD  CONTROL.  BNNC6T I .000  .000  .000  .000  SREF  19.6350  SO. 
1 8XHC73 1 Q AEDC  VmA-ClA.  CANARO  CONTROL.  8NHC6T 1 3.000  3.000  3.000  3.000  LREF  5.0000  IN. 
(BXH37D  O AEDC  VmA-CIA.  CANARD  CONTROL.  BNHC6T I 9.000  9.000  9.000  9.000  BREF  5.0000  IN. 
IBXH075!  A AEDC  VXIA-C1A.  CANARD  CONTROL.  8NNC6TI  15.000  15.000  15.000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL=0  PHICND=0 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 
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ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 


ON  DESCRIPTION  OCNDI  OCW53  0CN03  OCfOi  REFERENCE  IKFCRMAT1CN 

k.  CANARO  CONTROL.  BN5C6T1  000  .000  .000  .000  SREF  19.6350  SO. 

k.  CANARO  CONTROL.  BN5C6T I 3.000  3.000  3.000  3.000  LREF  5.0000  IN. 

l.  CANARD  CONTROL.  BN5C6T 1 9.000  9.000  9.000  9.000  BREF  5.0000  IN. 

k.  CANARO  CONTROL.  BN5C6TI  15.000  15.000  15.000  15.000  XMRP  36.0000  IN. 


EFFECT  OF  ANCLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=45 


DAT*  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DC  NO  I 0CND2  0CN03  DCTCM  REFERENCE  I FORMAT  ION 
IBXH09I)  O AEDC  VNIA-C1A,  CANARD  CONTROL,  BN5C6T 1 .000  .000  .000  .000  SREF  19.6350  SQ. 
IBXHC82)  Q AEDC  VN1A-CIA,  CANARD  CONTROL.  BN5C6T I 3.000  3.000  3.000  3.000  LREF  5.0000  IN. 
(9XHC93I  O AEDC  VNIA-C1A.  CANARD  CONTROL,  6N5C6TI  9.000  9.000  9.000  9.000  BREF  5.0000  IN. 
IBXH08N1  A AEDC  VNIA-CIA.  CANARD  CONTROL.  BN5C6T I 15.000  15.000  15.000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DFFLECTION  ON  CANARD 
PHI TAL=0  PH1CND=H5 


OATA  SET  SYfBOL  COrFlGlKATION  DESCRIPTION  DC  NO  I 0CN02  DCN03  OCNCN  REFERENCE  [KTORHATION 
(BXH08I)  O AEOC  VS  1 A-C 1 A , CANARD  CONTROL.  BN5C6TI  .000  .000  .000  .000  SREF  19.6350  SO. 

9 AE0C  VI*'A-CIA.  CANARD  CONTROL.  BN5C6T 1 3.000  3.000  3.000  3.000  LREF  5.0000  IN. 
(BXH083)  O AECC  VNIA-CIA.  CANARD  CONTROL,  BN5C6T1  9.000  9.000  9.000  9.000  BREF  5.0000  IN. 
( BXHQ8R ) A AEDC  VH 1 A-C 1 A . CANARD  CONTROL.  BN5C6TI  15.000  15.000  15.000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHITAL=0  PHICND=0 


DATA  SET  SYMBOL  CONE IGLffTAT ION  DESCRIPTION  OCNDI  DC NOE  DCND3  DC NON  REFERENCE  INFORMATION 
( AXH085 1 O AEOC  VNIA-CIA.  CANARD  CONTROL . BN6C6TI  .000  .000  .000  .000  SREF  19.6350  SO. 
IAXH086)  □ AEDC  VNIA-CIA.  CANARD  CONTROL . BN6C6TI  .000  3.000  .000  3.000  LREF  5.0000  IN. 
(AXH087)  o AEOC  VNIA-CIA,  CANARD  CONTROL,  BN5C6TI  .000  9.000  .000  9.000  BREF  5.0000  IN. 
(AXH083)  A AEDC  V^IA-CIA.  CANARD  CONTROL.  0N6C6TI  .000  15.000  .000  15.000  XMRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  OCNOI  DC  NOB  DCN03  OCNDM  REFERENCE  IATORNATION 
(AXHG851  O AEOC  vmA-CIA,  CANARD  CONTROL.  BN6C6T I .000  .000  .000  .000  SREF  19.6350  SO 
IAXH086)  □ AEDC  VNIA-CIA.  CANARO  CONTROL.  8N5C6T I .000  3.000  .000  3.000  LREF  5.0000  IN. 
[AXHC87I  O AEDC  VNIA-C1A,  CANARO  CONTROL . RN6CST1  .000  9.000  .000  9.000  BREF  5.0000  IN. 
IAXH088)  A AEDC  VNIA-CIA.  CANARD  CONTROL.  BNSC6T1  .000  15.000  .000  15.000  XMRP  86.0000  IN. 
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DATA  SET  STOOL  COLOURATION  DESCRIPTION  OCM5I  DC  see  0CN03  OCNOH  REFERENCE  INFORMATION 
(BXH085I  Q AEDC  VNIA-CIA.  CANARD  CONTROL.  BN6C6TI  .000  .000  .000  .000  SREF  19.6350  SO. 
IBXH086I  □ AEDC  WIA-CIA.  CANARO  CONTROL.  BN6C6TI  .000  3.000  .000  3.000  LREF  5.0030  IN. 
IBXHU87)  o AEDC  WIA-C1A.  CANARO  CONTROL,  BN6C6TI  .000  9.000  .000  9.000  GREF  5.0000  IN. 
* BXH088I  A AEOC  VHIA-CIA.  CANARO  CONTROL.  BN6C6T1  .000  15.000  .000  15.000  TOP  26.0000  IN. 
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DAT*  SET  SYMBOL  CONFIGURATION  DESCRIPTION 
IBXH085)  Q AEOC  VHIA-C1A,  CANARO  CONTROL.  BN6C6TI 

IBXH0861  □ AEOC  VNIA-C1A,  CANARO  CONTROL.  BN6C6TI 

(BXH087I  o AEOC  VN1A-CIA.  CANARO  CONTROL.  BN6C6TI 

I BXH088 1 A AEOC  VHIA-CIA,  CANARO  CONTROL.  BN6C6T l 


NO I 1VWUOJNI  30N3M3J3M 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION 
(BXH0891  O AEOC  VHIA-C1A.  CANARO  CONTROL.  BN6C6TI 

(BXH090 1 □ AEOC  VH1A-CIA.  CANARO  CONTROL.  BN6C6TI 

(BXH09I  I O AEOC  VHIA-C1A.  CANARD  CONTROL.  BN6C6TI 
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REFERENCE  1W0RHAT10N 
EF  19.6350  SO. 
£F  5.0000  IN. 
EF  5.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PH1CND"0 


DATA  SET  SYMBOL  COT*"  IGURAT  ION  DESCRIPTION  OCTCI  0CN02  0CHD3  OCNOR  REFERENCE  ITTOfiTUTION 
CBXH093I  O AEOC  VNIA-CIA.  CANARD  CONTROL . BNICITR  .000  .000  .000  .000  SREF  19.6350  SO. 
<BXH09h>  Q AEOC  VmA-CIA.  CANARD  CONTROL.  BNICITR  ' .000  3.000  .000  3.000  LREF  5.0000  IN. 
(BXH095I  O AEOC  VmA-CIA.  CANARD  CONTROL.  BNICITR  .000  9.000  .000  9.000  BREF  5.0000  IN. 
IBXH096I  A AEOC  VHIA-CIA.  CANARD  CONTROL.  BNICITR  .000  15.000  .000  15.000  XTRP  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PHICND=0 


REFERENCE  INFORMATION 
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ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 


REFERENCE  I FORMATION 
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DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DCNDI  DC  NO?  DCND3  DCNDL  REFERENCE  I FORMAT  ION 
(SXH104)  O AEOC  VhIA-CIA.  CANARD  CONTROL.  BNIC1TR  .000  .000  .000  .000  SREF  19.6350  SO. 
(BXHI05I  □ AEOC  V41A-CIA.  CANARD  CONTROL.  BN1C1TR  3.000  3.000  3.000  3.000  LREF  5.0000  IN. 
(BXHI06)  O AEOC  V41A-C1A.  CANARD  CONTROL.  BN1C1TR  9.000  9.000  9.000  9.000  BREF  5.0000  IN. 
(BXHI07I  A AC  DC  V41A-CIA.  CANARD  CONTROL.  BNIC1TR  15.000  15.000  I'j.OOO  15.000  1W  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  CANARD 
PHI TAL=0  PH  I CND=45 
(B)MACH  = 4.52 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DC NO I DC NOB  DCN03  DCNCN  REFERENCE  IKTORMAT ION 
IBXH10<O  O AEOC  VMIA-CIA.  CANARO  CONTROL.  8N1CITR  .000  .000  .000  .000  SREF  19.6350  SO. 
<#XH106)  □ AEOC  VHIA-CIA.  CANARO  CONTROL.  BNICITR  3.000  3.000  3.000  3.000  LREF  5.0000  IN. 
IBXHI06I  O AEOC  VMIA-CIA.  CANARO  CONTROL . BNICITR  9.000  9.000  9.000  9.000  BREF  5.0000  IN. 
1BXH107I  A AEOC  WIA-CIA.  CANARO  CONTROL.  BNICITR  15.000  15.000  15.000  15.000  X«TP  26.0000  IN. 
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DATA  SET  SneCL  CONFIGURATION  DESCRIPTION 
IAXH016I  O DATA  NOT  AVAILABLE 

IAXH0I7I  □ AEOC  VMA-CIA.  CANARO  CONTROL.  BN1CITI 

(AXHOIBI  o DATA  NOT  AVAILABLE 

IAXH019I  A OATA  NOT  AVAILABLE 
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ATTACK 


REFERENCE  IWORMATION 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ( 
PHI TAL=0  PHICND=0 


DATA  SET  symbol  CONFIGURATION  DESCRIPTION  DC  NO  I DCN02  DCND3  OCND>*  REFERENCE  1WORMATION 
lAXHOeO)  o AEDC  W1A-CIA.  CANAPO  CONTROL.  8NICITI  .000  6.000  .000  6.000  SREF  19.6360  SO. 
(AXH031)  □ AEOC  VMA-C1A.  CANARO  CONTROL . BN1C1TI  .000  9.000  .000  9.000  LREF  5.0000  IN. 
I AXH022 1 O AEOC  V><IA-CIA.  CANARO  CONTROL . BNICITl  .000  15.000  .000  15.000  BREF  5.0000  IN. 

XTW  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ( 
PHI TAL=0  PHICND=0 
( A ) MACH  = 3.00 


DATA  SET  SYMBOL  COW  1 CURAT  I ON  DESCRIPTION  DC  NO  l DCND2  DC  NO  3 DC  NOR  REFERENCE  IWORHATION 
ICXH020I  o AEOC  VRIA-C1A.  CANARD  CONTROL.  8N1CITI  .000  6.000  .000  6.000  SREF  19.6360  SO. 
(CXH02II  Q AEOC  vmA-CIA.  CANARD  CONTROL.  BNICITI  .000  9.000  .000  9.000  LREF  5.0000  IN. 
ICXH0251  O AEOC  VH1A-CIA,  CANARO  CONTROL . 0NIC1T1  .000  15.000  .000  15.000  BREF  5.0000  IN. 

XT«P  26.0000  IN. 


ATTACK 


I DESCRIPTION  DC  NO  I OCM3S  DCND3  OCW*  REFERENCE  1ATGRMATION 
CANAPO  CONTROL.  BNICITI  .000  6.000  .000  6.000  SREF  19.6350  SO. 
CANARO  CONTROL.  BNICITI  .000  9.000  .000  9.000  LREF  5.0000  IN. 
CANARO  CONTROL.  BNICITI  .000  15.000  .000  15.000  BREF  5.0000  IN. 

xmp  26.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  I 
PHI TAL=0  PHICND=0 


OAT*  SET  SYTCOL  COTFIGURATION  DESCRIPTION  DOC  I DCNC2  OCN03  DCKO«  REFERENCE  lTTORMAT  ION 
ICXH020I  O AEOC  V^IA-CIA,  CANARD  CONTROL.  6N1CITI  .000  6.000  .000  6.000  SREF  19.6350  SO. 
(CXH02II  □ AEOC  VM I A-C I A.  CANARO  CONTROL . B.CITI  .000  P.000  .000  9.000  LRET  5.0000  IN. 
<CXH02c>  O AEOC  VMIA-CIA.  CANARD  CONTROL.  BNICITI  .000  15.000  .000  15.000  BREF  5.0000  IN. 

XTWP  26.0000  IN. 


ATTACK 


reference  I -FORMAT iow 


REFERENCE  IfTORMATlON 
IEF  19.6350  SO.  IN. 

!EF  5.0000  IN. 

EF  5.0000  IN. 

RP  26.0000  IN. 


ATTACK 


REFERENCE  I FORMAT  I ON 


.00 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  TAIL 
PHI TAL=0  PHICND=45 
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EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION 
PH  I TAL=0  PHICND=H5 
( A ) MACH  = 3.00 
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REFERENCE  I FORMAT  I ON 
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REFERENCE  ! FORMATION 


ATTACK 


CONFIGURATION  DESCRIPTION  DCfCI  OCNEC  OCND3  DCM>  REFERENCE  I FORMAT  I ON 


ATTACK 


ATTACK 


REFERENCE  INFORMATION 
!EF  19.6350  SO. 
EF  5.0000  IN. 
IEF  5.0000  IN. 
RP  26.0000  IN. 


PHICND 


CCKC2  0CN03  OCNCN  REFERENCE  IWORMATION 

6.000  .000  6.000  SREF  19.6350  SO. 

9.000  .000  9.000  LREF  5.0000  IN. 

15.000  .000  15.000  BREF  5.0000  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECT 
PHI TAL=45  PHICND=45 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION 
PHI TAL=45  PHICND=45 


QNDIHd 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECT 
PHI TAL=45  PHICND=45 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECTION  ON  TAIL 
PHI  TAL=t+5  PHICN0=45 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  DO®  I OCNOB  0CN03  OOCR  REFERENCE  (FORMATION 
t AXHQN6 ) o AEDC  VLIA-CIA.  CANAPO  CONTROL.  BNIC1TI  6.000  6.000  6.000  6.000  SREF  19.6350  SO. 
(AXH0R7I  □ AEDC  VN1 A-C I A , CANARD  CONTROL.  BNICIT1  9.000  9.000  9.000  9.000  LREF  5.0000  IN. 
(AXK0R9I  o AEDC  V4IA-C1A.  CANARD  CONTROL.  BNICITI  15  0C0  15.000  15.000  15.000  BREF  5.0000  IN. 

XMRP  £6.0000  IN. 


CATA  SET  SvM90L  CONr ! GDRAT  1 ON  DESCRIPTION  XM3I  DCNDE  OCND3  DCNCN  REEERENCE  I WORMAT  ION 
(CXHCL6I  C AEDC  W|A-C!A.  CANARD  CONTROL.  9N1CITI  6.000  6.000  6.000  6.000  SRCE  19.6350  SO. 
I CXHC-t  7 ) c At  DC  VW 1 A-C 1 A , CANARD  CONTROL.  3N!C1T1  9.000  9.000  9. COO  9.000  IRET  5.0000  IN. 
(CXHOLSI  O AEDC  V«IA-CIA.  CANAPD  CONTROL.  BNICITI  15.000  15.000  15.000  15.000  BRET  E.OOCO  IN. 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECT 
PHI TAL=H5  PHICND=45 

(A) MACH  = 3.00 


DATA  SET  5YM80L  CONFIGURATION  DESCRIPTION  XNCI  OCNOB  DCTC3  OCN!>*  REFERENCE  1 FORMAT 

(CXH0U6)  O AEDC  VUIA-CIA.  CANARD  CONTROL.  6N1CITI  6.000  6.000  6.000  6.000  SREF  19.6350 

ICXHCR/)  □ AEDC  VMA-CIA,  CANARD  CONTROL.  BNICITI  9.000  9.000  9.000  9.000  LREF  5.0000 

(CXH0L81  O AEDC  VH1A-C1A.  CANARD  CONTROL.  BNICITI  5.000  15.000  15.000  15.000  BREF  5.0000 
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EFFECT  OF  ANGLE  OF  ATTACK 
PHI TAL=0  PHICND=0 


Ppt>ODO 


ft  ft  ft  ft  ft  ft 
RSH888 

55^555 


EFFECT  OF  ANGLE  OF  ATTACK  AND  CANARD  DEFLECT 
PHI TAL=0  PHICND=0 


OAT*  S£T  SYMBOL  COT#-  IGURAT  ION  DESCRIPTION  DC  M3 1 DCND2  OCM33  DCNDN  REFERENCE  IWORMATION 
ICXH055I  O AEDC  VMA-CU,  CANARD  CONTROL.  8NIC3T1  5.000  -5.000  -5.000  5.000  SREF  19.6350  SQ. 
(CXH056)  □ AEDC  VHIA-C1A.  CANARO  CONTROL.  BNIC3T1  2.000  -2.000  -2.000  2.000  LREF  5.0000  IN. 
ICXH057I  O AEDC  VNIA-CIA.  CANARO  CONTROL.  BNIC3TI  -3.000  3.000  3.000  -3.000  BREF  5.0000  IN. 


ATTACK 


RE  rE  RE  MCE  INFORMATION 
£F  19.6350  SO. 
EF  5.0000  IN. 
£F  5.0000  IN. 
RP  26.0000  IN. 


AD-A033  783 


unclassified 


AD 

A0337B3 


ARMY  MISSILE  RESEARCH  DEVELOPMENT  AND  ENGINEERING  LAB— ETC  F/G  20/4 
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